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We briefly describe the RacoonWW approach to calculate radiative corrections to
e+e− → WW → 4f and present numerical results for the total W-pair production
cross section at LEP2.
1. Introduction
At LEP2, for the first time, a precise direct measurement of the triple gauge-boson
couplings (γ,Z)WW is performed1, allowing to test the non-abelian structure of the
Standard Model of electroweak interactions (SM). Moreover, a measurement of the
W-boson mass at LEP2 with a precision of 35 MeV is within reach1, which will
not only provide a further precisely known SM input parameter but will also help
to considerably improve the present indirect bounds on the Higgs-boson mass2. To
match the experimental precision at LEP2 and a future Linear e+e− Collider, the
theoretical predictions for the cross sections to e+e− → WW → 4f need to be of
O(1%) accuracy and better3. This requires to go beyond the inclusion of universal
corrections such as the running of the electromagnetic coupling, corrections to the ρ
parameter, the Coulomb singularity, and leading photonic corrections, as described
in Ref.4. The theoretical uncertainty of predictions which only include universal
radiative corrections is estimated4 to be of O(1–2%) for the total W-pair produc-
tion cross section, σWW, at LEP2 energies and is expected to be even larger for
differential cross sections. So far, no complete calculation of the electroweak O(α)
corrections to the processes e+e− → 4f exists. Such a calculation is not only enor-
mously complex but also poses severe theoretical problems with gauge invariance
connected to the instability of the gauge bosons. Nevertheless, there are efforts in
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this direction5. At present, all predictions for e+e− → WW → 4f , which go be-
yond universal radiative corrections, rely on a Double-Pole-Approximation (DPA):
radiative corrections are taken into account only to those contributions that are
enhanced by two resonant W propagators. Different versions of the DPA are im-
plemented in the Monte Carlo generators RacoonWW6 and YFSWW37, and the
results of a tuned comparison at LEP2 and LC energies are presented in Refs.3 and
8, respectively. As a result of this comparison, supported by a tuned comparison
with the semi-analytic calculation of Ref.9 and a detailed study of the intrinsic
uncertainty of the DPA with RacoonWW, the four-fermion working group of the
LEP2MC workshop3 assigned a theoretical uncertainty to the predictions for σWW
by RacoonWW and YFSWW3 of 0.4% at energies between 200 and 500 GeV. In
the following we give a brief description of the RacoonWW approach.
2. Electroweak Radiative Corrections to e
+
e
−
→ WW → 4f
The complete O(α) corrections to off-shell W-pair production in DPA as imple-
mented in RacoonWW can be written as follows6:
dσWW = dσ
e+e−→4f
Born + dσ
e+e−→WW→4f
virt,finite,DPA + dσ
e+e−→4f
virt+real,sing + dσ
e+e−→4fγ
finite . (1)
Here dσe
+e−→4f
Born is the full lowest-order cross section to e
+e− → 4f and dσe
+e−→4fγ ,
which describes real photon radiation away from IR and collinear singularities, is
the full lowest-order cross section to e+e− → 4fγ as described in Ref.10. The cross
section for real photon radiation is rendered finite in two different ways: by using
phase-space slicing or alternatively a subtraction method11. The exact 4f and 4f+γ
phase spaces for massless fermions are used throughout. The IR-finite sum of vir-
tual, soft and collinear photonic one-loop corrections is denoted by dσe
+e−→4f
virt+real,sing.
Apart from finite terms, it contains only collinear singularities associated with the
initial state, i.e. leading logarithms of the form ln(s/m2e), at least for inclusive
enough observables. Since the contribution dσe
+e−→4f
virt+real,sing is not treated in DPA,
those logarithms are treated in our approach exactly. In RacoonWW, the DPA is
only applied to the finite part of the virtual corrections, denoted by dσe
+e−→WW→4f
virt,finite,DPA
including the full set of factorizable and non-factorizable virtual O(α) corrections.
The factorizable contribution comprises those virtual one-loop corrections that can
either be assigned to the W-pair production or to the W-decay subprocesses and,
thus can be deduced from the known results for on-shell W-pair production and
W decay. The non-factorizable corrections connect the production and decay pro-
cesses. In DPA, they comprise all doubly-resonant contributions that are not already
included in the factorizable corrections. Beyond O(α), RacoonWW includes soft-
photon exponentiation and leading higher-order initial-state radiation up to O(α3)
via the structure-function approach4. The leading higher-order effects from ∆ρ and
∆α are taken into account by using the Gµ scheme. QCD corrections are taken into
account either by a multiplicative factor (1 + αs/pi) for each hadronically decaying
W boson or as complete QCD corrections to the CC03 diagrams.
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Fig. 1. The total W-pair production cross section and the ratio of the data over the RacoonWW
prediction at LEP2, as given by the LEPEWWG2.
Numerical results from RacoonWW at LEP2 energies for some interesting ob-
servables, such as invariant-mass distributions of the W decay products and angular
distributions, are provided in Refs.3,6,12. In Fig.1, we show the comparison of the
RacoonWW prediction for the W-pair-production cross section with LEP2 data.
From a comparison ofRacoonWW with GENTLEv2.0013, for instance, the neglect
of non-universal O(α) corrections is known to induce a 2.5% shift3 to higher values
of σWW which is disfavoured by the data. The good agreement of LEP2 data with
the state-of-the-art Monte Carlo generators RacoonWW and YFSWW3 reveals
evidence of non-leading electroweak corrections beyond the level of universal effects.
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